amxmmff up) (12) & ffl ij# & ^ (a) ammmamm 

#H§¥7- 122198 

(43)&HB ¥)£7¥(1995)5fll2B 

(5i)inta» wmm f?ftmm& fi S8S&*sffi 

HO 1 J 21/06 



* H*«©»2 OL (£ 3 Jt) 



<21>tBRS# 


$875-266644 


(71)tiilPA 


000004237 










(22)ffliBB 


^5^(1993)10^25B 




















3t£IKiE£2TB7#l# B#S&tt 
















©ffi «- 








**IRiR£HTB7#Hf B*«m 
























JlE£fR§E2ETB7#H* B*«&l* 














(74)ftSA 





(54) mmvzm *-#>*s*a.-'7b9>9z9 



(57) [g«j] 

[SKI CAT/hST. <S«BE»f¥©h9>^jrt 
ftl 3fe/M/CV-.*gfil 1 6 KM>gffil 2£jg 

a-stv-^- Fu-f^ssoracc^E^Bttirrsi, 

KM 4(C-y-KmE* 

hots i\ km >«aww «srott«mrr« c 




(2) 



-122198 



www 2] y-xtMos^mikt&sn&VAfittt 
wi^tt6ftri»ttL4MG9 1 (tiais©*-* >* -> io 

[JKHoBIVMHIin 

[ooon 

[0002] 

[ffc*©tt«] H 2 3 W^^^WK^ 

ufca-e**. smM^mvimm i £n«? 2ratc 

*E*BttOU P*®2 l*6«**ttIH3'tt. IS&2 2 
•?gWS&*. COi * v F 2 3 tCJEVEifrtti 20 

^. v K(c»EisniMi2 2(casw*»* 

«^-r*. CCt^K^y K2 3<WBE*3>.h-n- 
^-J-SC&fcJr-sTlWK 1 -H&2 2P.g©®jiE£$MSJ 
■fZCtVXZ, h 5 $fcC© 

2 4©*{cWA$ti-Cl»-5. 
[0003] 

t>t<,>5fcj5#a-3fc. COCitCjrO, »S«S2 1*>e> 30 
[0004] *JMK. ft*©3«£t©:fc&£j58& 

t/^ a - y*ffl(,»fc»MS"CiB«tttto 1- 5 > y x $ 

[0005] 

•etiy-x- fm &ti. v-xmstF 

-yKEpftmnsy- f^ejc <fc or f u ytcsmr 

**£«]: <,v 

[0006] 

Ufwn #-*>^?^-:/tt rg^aj »27 i so 



*6#. ^44 11 (1 992*P) 5 (C;h 

- h^tM x©Mta©B®%©& awg-c, &jgg 

»-y (JSTF* ©fi&»2~5 
Onmilftt'MK SfcRWttWftfcoejlttC-C 

^ y * » - ?©rt ww*o»k *ar**itt. -£©& 

[0 00 7] COt S?*-7<Dfimin*<DM*)Mt 
XZEB)H,XWbX>mvi>&tc!b s ffi»T{g^SE© 

t . mas&xMgmJjoMtoxfrstj: ^ ztm 
mx-zz. 

[0 00 8] 

[o oo 9] mfthttzv-zmmi 1, hd<^6 

FW>«ffil 2£#7;l/5-9ABMt«J*>6&S 

*6»f*i 3 4-en^h^ur^-y^a-^i 4-cs^s 

X^ffil 1 £ FW>Sffil 2f8lto£U : i'S?o.-zn 
4*»&&*y- h«*«*tl^titt4«:«E!ME|Jai3n 
£. ?-y*a-yy- f-m&l 4£V-;**gl ltei 
F U >®g 1 2 ©P.8 1 3CC«t-3 t^Klft 
JftSftTUS. t^f*-^'- l-SSl 4»it3tf 3 
0nmS3*il00nmt*5. 1 3©/f<* 

[ooio] ty?*-^y-hSfisi4©niaiiB^ 
m<D6Mmxx$xis*). tm-pg%m>t?z\tmMx 
*<ti>. -e©fc»s?jiB#{c^-/?'a-7'y-hs®i4 
rtgp*5«^r* s& p>«> ^©M fertgf«BS« Stc« 

QKDT-timxmfeTh. > si©h7>^x*©s6 
mmr®£ , ?K.tft>tiz. s-rv-xmsi 1 i fu 

*>z>%*&m2ti> %mmiptxxY\s<<i>'%m i 

mwmsiizt, frisy-xssi lfrhtumtitc 

hrnsi 4©^{cssns. Sot, ^^^*-yy-h 
mffil4fcEpjjo-r€.SE«:J:ory-xmSl 1-FU 

>ms i 2 ng©®fc£gji§T s h ? $mww 
[ooii] -mnwm&mz&zwt i o r v/ 

cmgS©®S?«S* 5 £>S-C*S*J t V-X^lBlli 
FU-{>m@l 2H©ffilSt**l 2 0nmiI»t^C 



(3) 



2 2 1 9 8 



££, V-xmgl 1 1 FW>^fiKl 205te$ffi«3 0 
nm^r*0»l/<*or*»»)«l»«BE*«»l>Ci3S> 

*»-*:/y-r-*fil 4CD^£V-X^gl liKU 
-f>«Sl 2R8©J£ ($H»J©ft£ 1 : 8) KLftm? 

[0 0 1 2 ]'«±»i»l/fcJ:5K«at«*ffll.>*i«. 



[0 0 13] CCt, C©r-5>i>X*©$!B£#££8i 



10 



©MStWftfC* STM (Scann i ng Tunne 
ling Microscope) fQOfflfflUftZ. M 

mm?n*mictm£bi±L> ate©*/*** 

[0 0 14] 

(csn/c h ? > yx * -ca s . 



20 



[01 ] ilBHCJtlfcWittWr^fc*©*-*^^ 

h 7 >y X if© RSI, 
[02] SE*©8ffi£ittW*Sfc«&©3«X£E©mi8 

0. 



1 1 

1 2 
1 3 

1 4 

2 1 
22 
23 
24 



KM 



US 



[0i ] 



[02] 



11 v-xSS 



,13 ISMS* 



12 PWVBffi 




23 *U*K 

21 



22 a® 



Open-Laid Publication Number: 07-122198 

Date of publication of application: 12.May.1995 

Application number: 05-266644 

Date of filing: 15.Oct.1993 

Applicant: Nippon Electric Corporation (NEC) 

Inventor: Mutsuo HIDAKA, Junichi SONE, Kazuo NAKAMURA 

Representative: Patent Attorney Naoki KYOMOTO 

Title of the Invention: CARBON NANOTUBE TRANSISTOR 




[ABSTRACT] 

[Purpose] To provide an extremely small-sized transistor which operates at 
low voltage. 



[Constitution] A source electrode 11 and a drain electrode 12 are provided 
on both ends of a carbon nanotube electrode 14 through insulators 13. 



The 



nanotube is cylindrical, and the inner part is generally vacuum. Thus, when a 
voltage is applied between said source and drain electrodes, electrons are emitted 
from said source electrode to said drain electrode to form a drain current. 
When a gate voltage is applied to said nanotube 14, the number of electrons 
reaching the drain can be controlled, and the nanotube is operated as a transistor. 
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[CLAIMS] 

[Claim 1] A carbon nanotube transistor characterized in that a source 
electrode and a drain electrode are provided on both ends of a carbon nanotube 
used as a gate electrode through an insulator, 



a voltage is applied between said 



source electrode and said drain electrode to emit electrons toward said drain 
electrode from said source electrode, and the number of said electrons reaching 
said drain is controlled by a gate voltage applied to said carbon nanotube. 



[Claim 2] The carbon nanotube transistor according to claim 1, wherein 
said insulator is not formed at a portion of said source electrode from where said 
electrons are emitted. 

DETAILED DESCRIPTION 
[0001] 

[Industrial Application] . This invention relates to a transistor used in an 
electronic circuit etc. 



[0002] 

[Prior Art] Fig. 2 is a schematic diagram showing a conventional 3 pole 
vacuum tube. In the 3 pole vacuum tube, electrons are emitted from cathode 21 
by applying a voltage between said cathode 21 and anode 22, and said electrons 
are received by anode 22. If positive voltage is applied to a grid 23 at the time, 
the number of electrons which reach to said anode 22 decreases, because electrons 
are captured by said grid. : Thus, there is constructed a transistor which control 
a current between the cathode 21 and the anode 22 by controlling the grid voltage. 
Moreover, this transistor is sealed in a glass tube 24 to keep running path of 
electrons in vacuum. 



2 



[0003] 

[Problems to be Solved by the Invention] The 3 pole vacuum tube described 
in the Prior Art has a defect that the size is large in comparison with the 
semiconductor transistor. By this effect, there are arisen some inconveniences 
that the running time of electrons from cathode 21 to anode 22 is long and the 
high applied voltage is required, and as a result, it has slow response with high 
power consumption. Moreover, it was unsuitable for integration. 

[0004] 

This invention aims at providing a super micro transistor with super-high 
performance by using of a carbon nanotube to exceed a performance of the 
semiconductor transistor and to overcome the defect of conventional 3 pole 
vacuum tube. 

[0005] 

[The means for solving invention] The present invention is a carbon 
nanotube transistor characterized in that a source electrode and a drain electrode 
are provided on both ends of a carbon nanotube used as a gate electrode through 
an insulator, a voltage is applied between said source electrode and said drain 
electrode to emit electrons toward said drain electrode from said source electrode, 
and the number of said electrons reaching said drain is controlled by a gate 
voltage applied to said carbon nanotube. It is preferable that said insulator is 
not formed at a portion of said source electrode from where electrons are emitted 
so that electrons can be emitted with ease* 



[0006] 
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[Function] A carbon nanotube is a microscopic capillary with cylindrical 
shape of graphite of nano meter size as described in "Solid State Physics" in 
Volume 27, No, 6, page 441. (1992), and it is a conductor with properties of 
semiconductor or metal. The diameter of the carbon nanotube (abbreviated as 
herein in after nanotube) is very small as 2 to 50 nm. In addition, since the 
cylinder wall is made from carbonaceous six membered ring, and then gas such 
as oxygen and nitrogen etc. cannot transmit it. Therefore, if the inside of 
nanotube is vacuum at the time of manufacturing, the vacuum will not be broken 
ever after. 

[0007] 

If a vacuum-tube type transister is constructed by use of the inside of this 
nanotube as a path of electrons and positive voltage is applied to said nanotube, 
the electrons can be drawn in a nanotube cylinder wall and current can be 
modulated. This vacuum-tube type nanotube transistor can modulate the 
current by applying very low voltage because the size is very small as reflecting 
the size of nanotube. Moreover, electronic mileage can be shortened and ultra 
high speed transistor of very small size with small consumption can be realized. 

[0008] 

[Embodiment] Fig. 1 is a explanatory diagram showing the embodiment of 
this invention. In the following, the embodiment of the present invention is 
explained by using of Fig. 1. 

[0009] The source electrode 11 made from copper and the drain electrode 12 
similarly made from copper are connected to the nanotube 14 through the 
insulator 13 made from aluminum oxide, respectively. Said nanotube works as 
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the gate electrode 14. The voltages are independently applied for said gate 
electrode of nanotube 14 and between said source electrode 11 and drain electrode 
12, respectively. It is completely insulated between nanotube gate electrode 14 
and source electrode 11, and also insulated between nanotube and drain electrode 
12 by insulator 13. The size of said nanotube gate electrode 14 is 30 nm in 
diameter and 100 nm in length. The thickness of the insulator 13 is 10 nm. 

[0010] Since the cylindrical wall of the nanotube gate electrode 14 is made of 
carbonaceous six-member rings, gas such as oxygen and nitrogen etc. cannot 
penetrate. Therefore, if the inside of nanotube is vacuum at the time of 
manufacturing, the vacuum is not be broken after that. (Nanotubes are usually 
manufactured by the arc discharge in vacuum using carbon electrode.) 
Operation of the transistor of Fig, 1 is performed as follows. First, the electrons 
are emitted from the source electrode surface by applying voltage between source 
electrode 11 and drain electrode 12, and then the electrons reach the drain 
electrode 12 by drawing of electric field. If positive voltage is applied to the 
nanotube gate electrode 14, the orbit of electrons emitted from said source 
electrode 11 is bent, and some electrons flow to the direction of nanotube gate 
electrode 14. Therefore, the transistor action which modulates the current 
between source electrode and drain electrode 12 can be obtained by applying the 
voltage to nanotube gate electrode 14. 

[0011] Although, the electric field intensity of a 10 7 V/cm is required to 
obtain the field electron emission generally, the working by low voltage in mV 
order is possible because the distance between source electrode 11 and drain 
electrode 12 is so short as 120 nm, the tip ends of source electrode 11 and drain 
electrode 12 are about 30 nm and the value is remarkably small that the electric 
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field intensity is very strong. Moreover, since the ratio of gate voltage and 
source drain voltage is proportional to the ratio of radius between the nanotube 
gate electrode 14 and the source drain electrodes 11, 12 (the ratio of this 
embodiment is 1:8), the gate voltage can be arranged to be considerably lower 
than the source drain voltage, and then high gain can be obtained. 

[0012J As described above, according to the present invention, the transistor 
which has high gain with low operating voltage can be obtained. Transistor 
with low voltage operation can switch in short time and power consumption is 
small. Furthermore, by reflecting the size of nanotube, the super-micro 
transistor can be constituted. 

[0013] Here, the manufacturing method of this transistor is explained. 
First, nanotubes are accumulated on an insulating substrate by arc discharge etc. 
and then nanotubes are transferred to another chamber with keeping vacuum. 
Next, an aluminum thin film of several nm in thickness is deposited by vacuum 
deposition method. And then, it is transferred to another chamber, and 
aluminum oxide is formed by oxidization in oxide plasma. After transferring it 
to another chamber again, said substrate is included greatly and anisotropic 
etching with an argon is performed, so that aluminum oxide at both ends of the 
nanotube are removed and both ends of the nanotube are opened. After that, 
thin copper film is formed. The thin copper film pattern can be formed by the 
following steps; streaming gas containing copper as constituent element 
(organometallic compound etc. ) on the substrate, irradiating electron beam 
squeezed very thinly at only both ends of the nanotube which become source 



electrode and drain electrode to decomposed said gas. 



In addition, in order to 



form an electrode pattern, there is the following method instead of the electron 
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beam irradiation; aligning a needle for STM (Scanning Tunneling Microscope) at 
the predetermined position where the electrode must be formed, streaming said 
gas, and floaing current between said substrate and said needle to decompose the 
gas. 

[0014] 

[Effect of the Invention] As described above, according to the present 
invention, the super-micro transistor which can be operated with low voltage by 
using of nanotube can be provided. Said transistor is the very excellent 
transistor having high switching speed and low power consumption etc. 

[Description of Drawings] 

[Fig. 1] The schematic diagram to explain the embodiment of the present 
invention of transistor using a carbon nanotube. 

[Fig. 2] The schematic diagram to explain the conventional 3 pole vacuum 
tube. 

[Description of Notations] 

11 Source Electrode 

12 Drain Electrode 

13 Insulator 

14 Carbon Nanotube Gate electrode 

21 Cathode 

22 Anode 

23 Grid 

24 Glass Tube 
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[Fig.l] 




tFig.2] 



23 Grid 
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